In this work, the response surface methodology was used to determine the optimum level of input variables, gluten deformation index (mm) and the level of grape seed flour (%) addition in wheat flour that improve falling number index and Mixolab dough rheological parameters. The full factorial model was the best compatible model which fitted to each response. A replacement dose of 4.08% in wheat flour with gluten deformation index value of 8.27 mm was found optimal. The influence of optimum values of variables on dough microstructure has been investigated using epifluorescence light microscopy.
INTRODUCTION
Grape seeds are by-products which could be regarded as an excellent ingredient for food products due to their chemical composition: oil, protein, fibers, phenol complexes including tannin, sugars, etc. [1] [2] [3] [4] [5] [6] They are also an excellent source of some useful minerals, such as calcium, phosphorus, and potassium. [7] In addition, grape seeds are a good source of polyphenols [8, 9] which contain a wide variety of proanthocyanidins with a strong antiradical action and components with a polar chemical structure that are heat resistant. [10, 11] Currently, grape seeds are recognized as a rich source of natural antioxidants and other bioactive compounds [12, 13] with several beneficial effects on human health, acting as antioxidant, anti-ulcer, [8] anticarcinogen, [14] cardioprotective, [15] antiinflamatory, [16] antimicrobial, and neuro-protective agents. [17] Due to health supporting properties and nutrient profile of grape seeds, these can be used as a potential source of non-wheat flours (WFs) in the formulation of composite flour for bread-making technology. gluten quality and it ability to deform when it left to rest, it deformation being higher as it quality is lower. GSF of particle size at 200-150 μm was obtained from grape seeds through mechanical milling. The grape seeds, Aligoté variety growing in Romania, were collected at their commercial maturity from the Odobeşti ecosystem, viticulture center Jariştea. The seeds were directly obtained by manual separation from dried grape pomace in open air.
The quality characteristics of the WF samples were determined according to the Romanian or International Cereal Chemistry methods: GDI (SR 90:2007), ash content (ICC method 104/1), moisture content (ICC method 110/1), wet gluten content (ICC method 106/2), and FN index (ICC method 107/1).
The analytical parameters of grape seeds were made according to standard analysis methods: moisture content (SR EN ISO 665:2003), raw fat content (SR EN ISO 659:2009), raw protein content (SR EN ISO 20483:2007), and ash, as a percentage of the dried substance (SR ISO 2171:2009). Carbohydrate content was determined as a difference of mean values: 100 -(the quantity in percentage of the moisture content, ash, protein, and oil). [29] When calculating the protein content, the general factor 6.25 was used. The analyses were made in triplicate, and the values of the parameters are the average expression ± standard deviation.
Experimental Design
The effect of two levels for WF quality parameters, corresponding to GDI of 4 mm and 14 mm, respectively, and the effect of four levels (0, 3, 5, and 7%) for the dose of GSF added in WF on FN index and Mixolab rheological parameters (dependent variables) were investigated using the RSM by means of full factorial design with two independent variables. Based on the experimental design results, the two factor interaction (2FI) models were developed to predict the FN index and rheological parameters, derived from the Mixolab as a functional combination of design variables, GDI and level of GSF added in WF. All the models were statistically validated using F-ratio test. The graphical response surfaces analysis was employed to identify and discuss the main and interaction effects of factors on responses.
Rheological Characteristics of Samples Formulation
Rheological analysis of samples formulation according to the experimental design (Table 1) was performed using the Mixolab device (Chopin, Tripette et Renaud, Paris, France) with standard option "Chopin+" protocol. This equipment is able to measure the torque (N·m) produce during different stages of dough formation, in function of temperature and time. The settings used in the study were the mixing temperature at 30°C, heating rate of 4°C/min up to 90°C, cooling rate of 4°C /min up to 50°C and total analysis time of 45 min. The rheological characteristics of samples formulation were assessed for the following Mixolab parameters: dough stability (ST), C1 torque, i.e., the maximum torque during mixing, C2 torque, i.e., minimum value of torque indicating the protein weakening based on the mechanical work and the increasing temperature, difference between torques C1 and C2 (C1-2), i.e., the protein network strength under increased heating, C3 torque, i.e., the maximum torque produced during the heating stage expressing the starch gelatinization, difference between torques C3 and C2 (C3-2), i.e., the gelatinization rate, C4 torque, i.e., the ST of the starch gel formed, C5 torques, i.e., the starch retrogradation during the cooling stage and difference between torques C5 and C4 (C5-4), i.e., the indicator of bread shelf life. More details about the protocol and Mixolab parameters were reported in our previous studies. [28, 30] Microscopy Dough microstructure was evaluated by EFLM using a fluorescence technique. For the fluorescence microscopic examination, the samples formulation of WF dough were stained with specific OPTIMIZATION OF WHEAT-GRAPE SEED COMPOSITE FLOUR GDI: gluten deformation index; GSF: grape seed flour; FN: falling number index; C1: maximum torque during mixing; C2: minimum torque-measure of protein weakening; C1-2: difference between torques C1 and C2; C3: maximum torque-measure of starch gelatinization; C3-2: difference between torques C3 and C2; C4: minimum torque-measure of starch gel stability; C5: maximum torque-measure of starch retrogradation; C5-4: difference between torques C5 and C4.
fluorochromes to detect simultaneously starch and protein distribution. [31] The protein phase is stained with rhodamine and is shown in red and starch granules by fluorescein isothiocyanate, in green. The dough samples were observed with Motic AE 31 (Motic-Optic Industrial Group Co. Ltd. Xiamen, China) epifluorescence microscope operated by a catadioptric objectives LWD PH 20× (N.A. 0.4). Raw images were acquired using Digital Color Camera Moticam 2300 in JPG format using RGB mode (12 bits per each channel) with a resolution of 1280 × 1024 pixels (300 dpi). Image analysis were processed by using an ImageJ (version 1.45, National Institutes of Health, Bethesda, MD, USA) processing program acording to Codină and Mironeasa. [28] Statistical Analysis
A second order regression equation (Eq. [1] ) was applied, in order to fit the response variables:
where Y is the response variable; β o is a constant; β 1 , β 2 , β 11 , β 22 , and β 12 are the linear, quadratic, and interaction coefficients, respectively, and X 1 , X 2 are the independent variables. Stat-Ease Design Expert 7.0.0 software package (trial version) was used to determine the effects of the independent variables, to calculate regression coefficients, to carry out analysis of variance (ANOVA) and to build the response surface, at a 95% confidence level. The models of each response were expressed in terms of real values of the independent variables and only the statistically significant terms (p < 0.05) have been used to analyze the behavior of the fitted mathematical models. The optimal values of the process parameters were obtained by the desirability function, a multi-response analysis, proposed by Derringer and Suich. [32] RESULTS AND DISCUSSION
Flour Characteristics
The analytical characteristics of WF samples used in this study are shown in Table 2 . The ash content was 0.59 and 0.61 for WF1 and WF2, respectively. These flours belong to two categories, namely strong and good flour for bread making according to the Romanian standard SR 877:1996. Both flours had a low alpha-amylase activity. The chemical composition of grape seeds, determined as a percentage from dried substance was shown in Table 3 . The greatest amount is represented by the carbohydrate content. According to some studies [33, 34] fibers (non-digestible carbohydrates) are in the highest quantity. From the digestible carbohydrates fructose is present in the greatest amount, followed by glucose with no significant values for the rest of the sugars. [35] 
FN Index and Rheological Characteristics of Samples Formulation
The results for the FN index and Mixolab rheological parameters performed accordingly to the experimental design are shown in Table 1 .
Statistical Analysis and Response Surface
The ANOVA results highlight that the regression models obtained for dependent variables were statistically relevant, with a significance level ranging from p < 0.0001 to p < 0.001. The fitted models represented well the experimental data with high coefficients of determination (R 2 ), varying from 0.8549 to 0.9968, depending on the investigated responses, indicating that above 85% of the variability in the response could be explained by the model. These results suggest that the models fitted for the FN index and rheological parameters assessed by Mixolab lead to significant regression, low residual values and no lack-of-fit. 
FN Index
The regression model calculated for FN index was:
where Y 1 is the FN index response (FN, s) and X 1 and X 2 are the real values of GDI (mm) and GSF level added in WF (GSF, %), respectively. The regression model (Eq. [2] ) indicated that FN index was highly significant (p < 0.0001) for the linear terms of GDI and for the level of GSF added in WF. The negative coefficient of the first-order term of GDI indicated that FN index of composite flour decreased with the increase of GDI of WF. Meanwhile, the negative coefficient of GSF level also led to a decrease of FN index. ANOVA for the 2FI model as fitted to experimental results showed significance (p < 0.05), whereas lack-of-fit was insignificant (p > 0.05). The FN index ranged from 400 to 484 s for the composite flours' formulation. Decrease in FN value with the increase in GSF level added in WF may be attributed to increased activity of alpha-amylase in composite flour. [22] This alpha-amylase activity increase can be due by the high level of calcium content from GSF, [7] which stabilizes alpha-amylase, [36] a calcium metalloenzime, unable to function in the absence of calcium. [37] The effect of GDI and GSF level on FN index is shown in Fig. 1a . An increase in GDI value led to an increase in the FN index value. These values increased with the increase dose of GSF addition in WF dough. Increasing the GSF level in WF dough led to a decrease in the FN value of 436.78 s at 6.75% GSF level and a value of GDI of 5.39 mm. FN index decreased at 404.59 s for a 6.78% GSF level added in WF with a value of GDI of 13.70 mm. 
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Dough Physical Characteristics Obtained with the Mixolab Device
Dough ST
The 2FI model describing dough ST as a simultaneous function of GDI and level of GSF added in WF is presented as follows:
where Y 2 is the ST response. Dough ST was significantly affected (p < 0.0001) by the GDI and by the level of GSF added in WF. The interaction term of GDI and GSF level (X 1 X 2 ) was found to be significant (p < 0.05). The regression model (Eq. [3] ) fitted to the experimental results of dough ST showed higher coefficient of determination (R 2 = 0.9968). The F-value for ST was significant with an insignificant lack-of-fit (p > 0.05). The dough ST ranged from 7.5 to 10.02 min for the composite flours' formulation. An increase in GDI decreased significantly (p < 0.05) dough ST. A decrease in ST with increasing value of GDI was probably due to gluten quality which was more extensible and presented lower stretch. The ST increased significantly (p < 0.0001) as the level dose of GSF increased. This may be due probably to the high content of lipids that can be found in the composition of grape seeds, these ones being able to form lipoprotein complexes between starch, gluten and other hydrophobic components, thus leading to the compaction and stabilization of dough. [38] The effect of GDI of WF and GSF levels added in WF on dough ST is shown in Fig. 1b . Response surface plot showed that an increase level of GSF with decreasing of GDI increased the dough ST. A decrease in GDI at 5.39 mm increased the dough ST at 9.88 min at a level of GSF of 6.75%. An increase in GDI at 13.70 mm increased the dough ST at 9.88 min at a level of GSF of 6.78%.
Maximum torque during mixing, C1
The model of response surface for C1 torque is represented by the Eq. (4) Y 3 ¼ 1:10 À 2:67 Â 10 À3 X 1 À 10:57 Â 10 À3 X 2 À 0:84 Â 10 À3 X 1 X 2
where Y 3 is the C1 response. The results of regression analysis for the C1 torque demonstrated that the linear terms of GDI and GSF value as well as the interaction term between these terms were statistically significant. All linear regression coefficients showed the negative effect of C1 torque. They complied with previous observations [39] that suggested that the increase level of GSF added in WF led to a decrease in C1 torque value (Fig. 1c) .
Minimum torque-measure of protein weakening, C2
The regression equation for C2 parameter, which measures the protein weakening, at GDI and GSF levels was: Y 4 ¼ 0:47 À 5:00 Â 10 À3 X 1 À 2:89 Â 10 À3 X 2 (5) where Y 4 is the C2 response. It was observed that GDI and GSF level had highly significant negative linear effect (p > 0.0001 and p > 0.05) on C2 torque, while the interaction terms between GDI and GSF level had a insignificant effect (p > 0.05; Eq. 5). The regression model fitted to the experimental results of C2 showed a higher coefficient of determination (R 2 = 0.9236). The F-value for C2 which was significant with an insignificant lack-of-fit (p > 0.05). The C2 torque was decreased with the increase GDI and GSF. The decrease in C2 with the increase of GSF level may be attributed to the gluten dilution, thus losing some of its elasticity and becoming more extensible and less resistant. [22] It was observed that the increase of GSF level with the increase level of GDI in WF decreased C2 torque (Fig. 1d) probably due to the activity intensification of proteolytic enzymes.
Difference between torques C1 and C2
The regression model for the difference between torques C1 and C2 (C1-2), which indicates the protein network strength under increased heating, is given by the Eq. (6):
Y 5 ¼ 0:63 þ 2:64 Â 10 À3 X 1 À 6:73 Â 10 À3 X 2 À 0:94 Â 10 À3 X 1 X 2 (6) where Y 5 is the C1-2 response. The ANOVA revealed that the model adequately fitted to the experimental data for Mixolab value C1-2. It can be seen that the main effect of GSF and interaction terms between GDI and GSF level (X 1 X 2 ) exhibited strong significant effect on C1-2, while the main effect for GDI did not show significant effect on C1-2. The R 2 value was high this indicating that 0.96 of the total variation was explained by the model and only 0.04 of the total variation was unexplained. The relative contribution of each factor to response variable C1-2 was measured directly by the regression coefficient in the fitted model. A positive sign for the regression coefficient indicated that the ability of the GDI (X 1 ) factor increased the C1-2, while the negative sign indicated the ability of factors GSF (X 2 ) and (X 1 X 2 ) decreased the C1-2 response value. The effect of GDI of WF and GSF level added in WF on protein network strength under increased heating is shown in Fig. 1e .
Maximum torque-measure of starch gelatinization, C3
The regression model obtained for C3 torque (Eq. 7), which represent maximum consistency during starch gelatinization, showed higher coefficient of determination (R 2 = 0.93). It was observed that GDI and GSF level had highly significant linear effect (p < 0.001) on C3. Y 6 ¼ 1:64 À 10:80 Â 10 À3 X 1 þ 28:55 Â 10 À3 X 2 (7) where Y 6 is the C3 response. The negative coefficient of X 1 indicated that C3 increased with the decrease of GDI. A positive influence of GSF level (X 2 ) was found on C3, which increased possibly due to quick rupture of starch granules which determined a lower pasting temperature and a higher paste consistency. This fact is because of the slight increase of free water quantity in dough, after the increase activity of the alpha amylase in the dough with the GSF addition in WF.
The free water will be absorbed by the grape seed components which will lead to a higher dough viscosity. The F-value for C3 was significant (p > 0.05), whereas lack-of-fit was not significant (p < 0.05). The response surface graph showed that C3 torque increased with the increase of level of GSF, whereas it decreased with the increase of value of GDI of WF as shown in Fig. 1f .
Difference between torques C3 and C2
The response surface for difference between C3 and C2 (C3-2) torques is described by the equation:
where Y 7 is the C3-2 response. C3-2 was significantly affected (p < 0.05) by the linear term of GSF level, but it was not significantly (p > 0.05) dependent on GDI of WF. The positive coefficient of GSF (Eq. 8) indicated that C3-2 increased with the increase of value of this variable. The regression model fitted to the experimental results of C3-2 showed a higher coefficient of determination (R 2 = 0.88). The F-value for C3-2 was significant with an insignificant lack-of-fit (p > 0.05). The effect of GDI of WF and GSF level on C32 is shown in Fig. 1g . The response surface plot showed that an increased level of GSF with a decrease of GDI value led to an increase of C3-2.
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Minimum torque-measure of starch gel ST, C4
The regression model for C4 torque, which represents the ST of the starch gel formed, is given by Eq. (9): Y 8 ¼ 1:85 À 16:20 Â 10 À3 X 1 À 17:63 Â 10 À3 X 2 (9) where Y 8 is the C4 response. The regression model obtained is satisfactory since the value of the coefficient of determination (R 2 ) was high and close to 1. The value of R 2 indicated that 0.96 of the total variation was explained by the model and only 0.04 of the total variation was unexplained.
The relative contribution of each factor to response variable (C4) was measured directly by the regression coefficient in the fitted model. The negative sign for the regression coefficients in the fitted model indicated the ability of a factor to decrease the response variable C4 (Fig. 1h) .
The results of ANOVA for dependent variable C4 indicated that the model fitted adequately to the experimental data for C4 torque. The effect for GDI and GSF exhibited strong significant effect on C4. This can be explained by the fact that the amylolytic activity of alpha-amylase in flour is increased by GSF addition, and thus the consistency of dough decreases. [22] Maximum torque-measure of starch retrogradation, C5
The regression analysis result indicated that maximum consistency during starch retrogradation (C5) was highly significant (p < 0.0001) on linear term of GDI (X 1 ) and GSF level (X 2 ) added in WF. The regression equation obtained for C5 torque was the following: Y 9 ¼ 2:63 À 22:60 Â 10 À3 X 1 þ 10:00 Â 10 À3 X 2 (10) where Y 9 is the C5 response. The negative coefficient of GDI (X 1 ; Eq. 10) indicated that C5 torque increased with the decrease of this variable while positive coefficient of GSF (X 2 ) showed an increase in C5. An increase in C5 torque with the increase in GSF level may be attributed to the increase of α-amylase activity in wheat-grape seed composite flours and the lipid content in GSF that is higher. [22] The ANOVA for the 2FI model of C5 torque as fitted to experimental results showed significance (p < 0.05). The coefficient of determination (R 2 ) for C5 torque was 0.99. The F-value for C5 torque was significant (p < 0.05), whereas lack-of-fit was insignificant (p > 0.05). The response surface graph showed that C5 torque decreased with the increase of GDI of WF, whereas increased with the increase level of GSF as shown in Fig. 1i .
Difference between torques C5 and C4
Multiple regression equation was generated related to the difference between torques C5 and C4 (C5-4) to actual levels of the variables. The model was developed as follows:
where Y 10 is the C5-4 response. The difference of the points C5-4 was significantly affected by terms of GDI (X 1 ) and GSF level (X 2 ) at p < 0.01 and p < 0.0001, respectively. The regression model (Eq. [11] ) fitted to the experimental results of the difference between torques C5-4 showed higher coefficient of determination (R 2 = 0.95). The F-value for C5-4 was significant (p < 0.0001) with an insignificant lack-of-fit (p > 0.05). Figure 1j showed that C5-4 increased when the GSF level was increased; however, at a maximum level of GSF (7%), C5-4 at value of 0.86 N·m was obtained.
Microscopy WF dough with 0 and 4.08% (w/w on flour basis) GSF (%) addition were analyzed by EFLM ( Figs. 2a and 2b) . The dough samples obtained were formed by mixing for 5 min. The examination of the control dough microstructure ( Fig. 2a ) showed starch granules surrounded continuously by the gluten matrix. WF dough was presented like a homogeneous network of starch and gluten which was interconnected each other. The comparison of the dough sample with GSF addition (Fig. 2b) with the control sample showed a dough structure that had been changed dramatically. The dough structure was less coherent, with great disruption of the gluten matrix. The starch granules were less associated with the dough gluten. In this image, small areas did not interact with the gluten and starch matrix. This discontinuous network could be a result from the interaction between gluten protein and GSF which broke the gluten starch structure. Even so, this structure had not affected negatively the Mixolab rheological data yet, probably due to the low dose of GSF addition in WF.
Optimization
Simultaneous optimizations of the multiple responses were applied for the minimum FN index; maximum ST and C1 torque; C2 torque, difference between torques C1 and C2 (C1-2), C3 torque, difference between torques C3 and C2 (C3-2), C5 torque in the range, minimum value of C4 torque and difference between torques C5 and C4 (C5-4). These criteria were chosen taking into account 
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the correlations obtained between FN index and dough ST [40, 41] and the relationships found between FN and Mixolab parameters C4 and C5-4. [38] Applying the methodology of desired function, the optimum level of independent variables was obtained and it indicated a GDI of 8.27 mm and a GSF level of 4.08%. Under these optimum conditions, the predicted FN index of 442.28 s, dough ST of 9.02 min, C1 of 1.01, C2 of 0.42, C1-2 of 0.59, C 3 of 1.67, C3-2 of 1.25, C4 of 1.65, C5 of 2.49, and C5-4 of 0.84 N·m were obtained with a desirability function score of 0.559. A desirability ramp was developed for the optimized conditions and is shown in Fig. 3 , indicating the optimized conditions obtained in this study.
CONCLUSIONS
In the present work it was showed that the dough microstructure, its rheological properties, and its alpha-amylase activity were significantly affected by GSF addition. The microstructure sample with GSF addition was characterized by some disruption of the gluten and starch matrix. Regarding the dough rheological properties and alpha-amylase activity, optimization process revealed that the best results were obtained for a dose of 4.08% GSF added in WF with GDI value of 8.27 mm. The models can be used to predict quality of the composite flour based on WF and dough rheological behavior using parameters that are usually and easily determinate by the processors of bread making.
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